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In recent years, the generalized effective liquid approximation (GELA) has been applied with considerable success to the freezing of hard spheres and hard disks. 2 When applied to soft interactions the GELA fails and perturbation schemes have been developed to de- termine the thermodynamics of the solid phase. For three-dimensional solids, a simple perturbation theory around a hard-sphere crystal has been recently applied with good results to the freezing of soft spheres and Yukawa systems. The theory, which is similar to the perturbation expansion currently used in simple Huids, yields the &ee energy of the soft-sphere crystal and requires as input the thermodynamics of the hard-sphere crystal. The aim of this report is to check the applicability of this perturbation theory to the study of classical two-dimensional (2D) solids with repulsive inverse-power interactions. We show that a slight modi6cation of the perturbation theory gives very accurate solid free energies for repulsive soft disks. From the free energy of the 2D solid so obtained we then determine the Quid-solid coexistence by using the available simulation results for the fluid phase free energy.
We therefore consider particles of a classical 2D solid interacting with an inverse-power pair potential V(r) = Vo(r) + W(r) which has been split into a steep shortranged reference part Vo(r) and a weak long-ranged perturbation W(r). Following Kang et at. 4 we introduce a density-dependent potential splitting which shrinks the range of the reference potential to the nearest-neighbor distance of the triangular lattice (, i.e. , Vo(r) = 0((- where fo has been further approximated by the free energy per particle of a reference hard-disk solid fHD(rI).
In Eq. (1) q = rrpd2/4 is the packing fraction, r~i s the distance of the jth lattice site to the site at the origin, the sum in Eq. (1) terms of a temperature-scaled density p* = (Pe) /"po2.
In Fig. 1 we plot the compressibility factor of the solid phase Z = PP/p, P being the pressure, versus p* for n = 12 and n = 6 as computed from Eq. The thermodynamic quantities depend in this case on the coupling parameter I' = P(mp)~/2e2. In Fig. 1 we also show the compressibility factor of the OCP versus I' as computed f'rom Eq. (1) together with the MC data of Gann et al. Notice that our theoretical predictions compare extremely well to the simulations in all the three cases, their accuracy being apparent in Table III, where the solid free energy and the compressibility factor are compared with the simulation data for the two extreme cases n = 12, and n = 1. Table I and Fig. 4 Systematic studies of size dependence and much longer runs are necessary to understand these large discrepancies.
To sum up, we have applied a very simple hard-disk perturbation theory to the study of classical 2D solids with repulsive inverse-power interactions. Our estimates for the free energy of the solid phase are in good agreement compared to the simulation results for different inverse-power interactions. The solid-fluid transition is accurately described for short-ranged potentials, the major differences with respect to the simulations being found for the OCP.
